INTRODUCTION
While a limited amount of bone is generally present at the edentulous posterior maxilla due to atrophy of alveolar ridge and pneumatization of the maxillary sinus, several techniques have been GHVFULEHG LQ ZKLFK GHQWDO LPSODQWV DUH LQVHUWHG PDUJLQDOO\ WR WKH ERQ\ VLQXV ÀRRU ZLWK D ORFDOL]HG augmentation procedure 3, 18 . Since these approaches have become conventional treatments in Implant Dentistry, the risk of exposing the implant to the maxillary sinus increased. The incidence of the VLQXV PHPEUDQH SHUIRUDWLRQ ZDV UHSRUWHG DV WR 5, 16, 17 DQG WKH VLQXV OLIWLQJ SURFHGXUH ZDV abandoned in some studies because of the large perforation of the sinus membrane 10, 21 . In general, the sinus membrane perforation is considered as a potential risk factor for implant failure and sinus infection. Some investigators FODLPHG WKDW WKH PHPEUDQH SHUIRUDWLRQ ZDV VWURQJO\ DVVRFLDWHG ZLWK WKH RFFXUUHQFH RI SRVWRSHUDWLYH sinus infection 6, 22 ZKLOH RWKHUV DVVXPHG WKDW WKHUH ZDV D FRUUHODWLRQ EHWZHHQ LPSODQW IDLOXUH DQG VLQXV membrane perforation 8, 11, 13 +RZHYHU FOLQLFLDQV KDYH generally reported that slight membrane perforation DIWHU LPSODQW SODFHPHQW GRHV QRW SOD\ D VLJQL¿FDQW role in the clinical outcome 4, 15, 19 . 
Gross examination
7KH ERQH DQG PHPEUDQH RI VLQXV ÀRRU UHPDLQHG intact in the control group (Figure 1a) . In group B and group C, the protruding parts of implants that had been introduced into the sinus cavity for 1 mm DQG PP ZHUH IXOO\ FRYHUHG ZLWK D WKLQ OD\HU RI QHZO\ IRUPHG PHPEUDQH ZLWK D KHDOWK\ DSSHDUDQFH (Figures 1b, 1c) . In group D, the parts of implants that had been penetrated into the sinus cavity for PP ZHUH WRWDOO\ H[SRVHG LQ WKH VLQXV FDYLW\ ZLWK the membrane surrounding the base of protruding SDUWV )LJXUH G 1R VLJQV RI LQÀDPPDWLRQ ZHUH observed in the sinus membranes of all samples.
Radiographic examination
Radiographic examination of the sites of implantation demonstrated a close contact of bone DQG LPSODQWV ZLWKRXW UDGLROXFHQW DUHDV 7KH WLSV RI LPSODQWV LQ WKH FRQWURO JURXS ZHUH FRPSOHWHO\ embedded in the alveolar bone (Figure 2a) 
Histological examination
The sinus membrane presented no discernible LQÀDPPDWRU\ UHDFWLRQV LQ DQ\ RI WKH PD[LOODU\ sinus cavities. The thickening epithelial lamina and LQFUHDVLQJ DPRXQW RI ¿EURXV WLVVXH LQ WKH ODPLQD SURSULD WKDW ZDV DUUDQJHG LQ GHUDQJHPHQW ZHUH observed in the membrane at the site of perforation. 7KLV LQGLFDWHG WKDW WKH ZRXQG KHDOLQJ SURFHVV KDG occurred at this part of the membrane. In group D, the apical portion of totally exposed implant ZDV VXUURXQGHG E\ UHVSLUDWRU\ HSLWKHOLXP ZLWKRXW LQÀDPPDWRU\ FHOOV LQ¿OWUDWLRQ (Figure 3) . 
)LJXUH *URVV REVHUYDWLRQ RI WKH DSLFDO SRUWLRQ RI LPSODQW LQ VLQXV FDYLW\ 7KH ERQ\ VLQXV ÀRRU LQ WKH FRQWURO JURXS

Histomorphometric analysis
The mean values of BIC and BA are displayed in Table 2 . Statistical analysis revealed that no VLJQL¿FDQW GLIIHUHQFHV LQ WKH %,& DQG %$ ZHUH present among groups (P>0.05), although the UHODWLYHO\ ORZHU %,& DQG %$ YDOXHV ZHUH REVHUYHG in the control group.
DISCUSSION
,W LV JHQHUDOO\ DFNQRZOHGJHG WKDW WKH LPSODQW displaced into the maxillary sinus can act as a foreign body and thus can cause serious ongoing complications 7, 9 . It has also been reported that implant penetration into sinus cavity resulted in recurrent rhino-sinusitis 14 . The most likely explanation for this complication is that altered Disruptive membrane around the apical portion of implant healed again and re-covered the tips RI LPSODQWV SURYLGHG WKH SURWUXGLQJ GHSWKV ZHUH OHVV WKDQ PP 5HJHQHUDWHG ERQH WLVVXH ZDV discovered on the uppermost part of some implants ZKLFK LQGLFDWHG WKH VHOIUHJHQHUDWLQJ DQG QHZ bone-inducing abilities of sinus membrane. Based on the present result, it seems that under the circumstance of everyday practice, it is relatively safe to control the implant protrusion depth to the extent of less than 2 mm in case a healthy maxillary VLQXV ZDV DFFLGHQWDOO\ SHUIRUDWHG :KHUHDV ZKHQ WKH SURWUXGLQJ GHSWK ZDV GHHSHU than 3 mm, membrane coverage of the exposed portion could not be achieved. Circular epithelium structure similar to gingival cuff formed around WKH EDVH RI WKH SURWUXGLQJ SDUWV DQG GLG QRW VKRZ DQ\ VLJQ RI LQÀDPPDWLRQ 7KLV REVHUYDWLRQ PD\ be explained by the direct attachment of the membrane to the implants, forming a barrier to the VLQXV FDYLW\ $V IRU WKH SDUWV WKDW ZHUH QRW FRYHUHG ZLWK WKH VLQXV PHPEUDQH GHEULV PLJKW DFFXPXODWH on the surface of the exposed apical part over time and become a potential predisposition to sinusitis.
, 
CONCLUSIONS
:LWKLQ WKH OLPLWV RI WKLV VWXG\ ZH FDQ FRQFOXGH that, despite the different protrusion extents, penetration of dental implants into the maxillary VLQXV ZLWK PHPEUDQH SHUIRUDWLRQ GRHV QRW compromise the implant osseointegration and the sinus health during the 5-months observational period in canines. When the penetrating depth into the sinus is less than 2 mm, the apical portion of implant could be re-covered by regenerating membrane.
